Abstract-To overcome blind spots of an ordinary weather radar which scans horizontally at a high altitude, a weather radar which operates vertically, so called an atmospheric profiler, is needed. In this paper, a K-band radar for observing rainfall vertically is introduced, and measurement results of rainfall are shown and discussed. For better performance of the atmospheric profiler, the radar which has high resolution even with low transmitted power is designed. With this radar, a melting layer is detected and some results that show characteristics of the meting layer are measured well.
I. INTRODUCTION
A weather radar usually measures meteorological conditions of over a wide area at a high altitude. Because it observes weather phenomena in the area, it is mainly used for weather forecasting. However, blind spots exist because an ordinary weather radar scans horizontally, which results in difficulties in obtaining information on rainfall at higher and lower altitudes than the specific altitude. Therefore, a weather radar that covers the blind spots is required.
A weather radar that scans vertically could solve the problem. This kind of weather radar, so called an atmospheric profiler, points towards the sky and observes meteorological conditions according to the height [1] . Also, because the atmospheric profiler usually operates continuously at a fixed position, it could catch the sudden change of weather in the specific area.
In this paper, K-band rain radar which has low transmitted power and high resolutions of the range and the velocity is introduced. The frequency modulated continuous wave (FMCW) technique is used to achieve high sensitivity and reduce the cost of the system. In addition, meteorological results are discussed. Reflectivity, a fall speed of raindrops and Doppler spectrum measured when it rained are described, and characteristics of the melting layer are analyzed as well.
II. DEVELOPMENT OF K-BAND RAIN RADAR SYSTEM

A. Antenna
To suppress side-lobe levels and increase an antenna gain, offset dual reflector antennas are used [2] . Also, separation wall exists between the transmitter (Tx) and receiver (Rx) antennas to improve isolation between them. With these methods, leakage power between Tx and Rx could be reduced. Fig. 1 shows manufactured antennas and the separation wall. Fig. 2 shows a block diagram of the K-band rain radar. Reference signals for all PLLs in the system and clock signals for every digital chip in baseband are generated by four frequency synthesizers. In the Tx baseband module, a field programmable gate array (FPGA) controls a direct digital synthesizer (DDS) to generate an FMCW signal which decreases with time (down-chirp) and has a center frequency of 670 MHz. The sweep bandwidth is 50 MHz which gives the high range resolution of 3 m. Considering the cost, 2.4 GHz signal used as a reference clock input of the DDS is split and used for a local oscillator (LO). the FMCW signal is transmitted toward raindrops with the power of only 100 mW. Beat frequency which has data of the range and the radial velocity of raindrops is carried by 60 MHz and applied to the input of the Rx baseband module. In the Rx baseband module, quadrature demodulation is performed by a digital down converter (DDC). Thus, detectable range can be doubled than usual. Two Dimensional-Fast Fourier Transform (2D-FFT) is performed by two FPGAs. Because the 2D FFT is performed with 1024 beat signals, the radar can have high resolution of the radial velocity. Finally, data of raindrops are transferred to a PC with local LAN via the an UDP protocol. TABLE I. shows main specification of the system. 
B. Design of Tranceiver
I. INTRODUCTION
We have recently reported on the fabrication of an Otto chip device [1] , capable of exhibiting the surface plasmon resonance -SPR -effect [2] - [3] . The device comprises a closed structure having a well-defined gap distance between the inner surface of a glass window and the metal surface. By use of the traditional prism coupling configuration [2] - [3] , an input light beam can be used to excite a surface plasmon on the metal surface. The critical step in fabricating such structure is the sealing without offsetting the gap distance, which is a critical parameter to define the degree of coupling between the incoming beam and the surface plasmon on the metal [1] .
To further investigate the properties of these Otto chip structures, we have also fabricated open devices, i.e., devices without the glass window, to explore potential applications of the SPR effect in an open configuration. One of these studies comprises evaluating the possibility of using the structure as a pressure transducer, as the gap distance affects the degree of coupling of the input beam with the surface plasmon on the metal surface. In this paper we report on preliminary studies directed to this application.
II. OPEN OTTO CHIP FABRICATION
A silicon wafer was used as substrate to fabricate several devices. First, an initial cavity with a depth of 2.5 μm was formed on the silicon substrate using the deep reactive ion etching (DRIE) process [1] , with a thin positive photoresist (PR) used as an etch mask, the fabrication process is illustrated in Fig.1 . Then, the PR was removed using an oxygen plasma etcher. A Cr film of 10 nm was sputtered on the silicon surface, followed by 300 nm of Au. After metal deposition, the metal coating was patterned inside the silicon cavity using the lift-off process, by use of AZ5214 as a PR mold [4] . The backside of the silicon wafer was etched by use of a Bosch DRIE process [5] , to yield the inlet and outlet of the channel of the chip, with aluminum used as the etch mask. The devices thus fabricated were diced into 30 mm x 30 mm open chips.
III. EXPERIMENTAL SET-UP
The Otto chip response was measured by use of an automated reflectometer operating at a wavelength of 975.1 nm [6] , as illustrated in Fig.2 . A right angle BK7 prism is used to allow coupling the plane-polarized laser beam to a surface plasmon on the inner metal surface of the chip. The SPR effect is observed in the angular distribution of the The system has a built-in control so as to maintain the laser footprint stationary, independently of translational or rotational movements [7] .
In order to keep the Otto chip well attached to the prism surface, a rubber buffer was used, in conjunction with a metal cell, as indicated in Fig.2 . Screws in the assembly (not shown) press the cell against the prism surface, and sealing is provided by the gasket shown in the figure. Changes in the pressure level within the cell are made through the in and out tubes shown in Fig.2 . By careful adjustment of the cell's screws, a given set point of the gap between the gold surface of the Otto chip and the prism surface -shown in the inset of Fig.2 -could be achieved. From this point, changes of the gap depth d g were produced, by changing the pressure level within the cell by inserting/removing N 2 gas from a gas manifold.
IV. RESULTS
Different pressure levels were applied within the gas cell. Figure 3 shows resonance curves obtained at three pressure levels within the cell. It is important to notice that even small pressure differences within the cell may produce substantial changes in the value of d g . In the plots of Fig.3 , the dots are the measured values and the solid lines are the theoretical curves obtained by nonlinear regression analysis of the data [8] . For the analysis the small change in refractive index of the cell due to the distinct gas pressures was neglected. From this analysis, the complex refractive index of the metal and the gap thickness (indicated in the plots of Fig.3) , were obtained. The metal complex refractive index extracted from the data was n  0.2  j 6 , which is in agreement with the value obtained previously, and with the tabulated value for gold at 975.1 nm [9] - [10] .
V. CONCLUSIONS
In this paper we have investigated the sensitivity of the Otto chip to pressure changes. The results show that in the open configuration and with the specific assembly employed, the gap is a very sensitive function of the pressure and this may allow using this technique to develop optical pressure transducers. The working pressure range of the transducer can be tailored by using different buffer materials.
In many situations, it is important to carry out remote measurements of environmental pressure, e.g., in process control, with a passive sensor head, without use of electronic transmission of the signal. In these cases, an all optical solution may be employed in conjunction with optical fibers. In these situations, an optical transducer of the type proposed in this paper may be employed.
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